Vulvar vaginal atrophy (VVA) is very frequent, about half of postmenopausal patients suffer from this disease. Since VVA is mainly caused by estrogen deficiency, the present first-line recommendation in guidelines is estrogen therapy. Because of the fear of systemic absorption, vaginal application is recommended if only VVA should be treated, to avoid known estrogen-dependent risks like venous thromboembolism, stroke and hormone-dependent cancer. A new alternative to estrogens is ospemifene from the class of "selective estrogen receptor modulators" (SERMs) which is thought to act selectively as an agonist on estrogen receptor alpha in the vaginal tissue. The aim of this review is to describe the conventional management using different types and dosages of vaginal estrogens and to compare with the treatment using ospemifene. Thereby the focus is on tolerability and safety issues including the official warnings in the labelings of both treatment strategies. Especially also the new concept to use "ultra-low dose" estriol alone or in fix combination with lactobacilli is highlighted, because this therapy perhaps can avoid systemic estrogenic effects although according present labeling in patients after breast cancer treatment only ospemifine can be used. Thus, this review on both treatment strategies should be important for the clinical practice.
Introduction and aim of this review
Approximately 50% of postmenopausal women suffer from VVA symptoms [1] . Vulvar and vaginal atrophy (VVA) are mainly caused by the decrease of estrogen production during peri-and postmenopause [2] [3] [4] . Thus systemic or vaginal estrogen-based treatments are currently recommended and approved by the U.S. Food and Drug Administration (FDA) and other health authorities like the European Medicines Agency (EMA), and in the different guidelines also are recommended as first-line therapy [2] [3] [4] [5] [6] [7] [8] [9] . Systemic administration of estrogen as a part of post-menopausal hormone therapy would ameliorate urogenital atrophy, but after the increased risk of venous thromboembolism, stroke and breast cancer, assessed in the Women's Health Initiative (WHI) trial [10] , many women no longer choose such a therapy [11] .
To avoid or reduce possible adverse effects and the risks known from systemic administration of estrogens, vaginal estrogen therapy is generally recommended, unless other symptoms of menopause, such as hot flushes, are present [2] [3] [4] [5] [6] [7] [8] [9] . However, there remains some fear that vaginal estrogen treatment may be absorbed in the circulation and increase adverse systemic estrogen-dependent effects [12, 13] . Despite good evidence is lacking, the labeling of the commercial available vaginally applied estrogens regarding contraindications and warnings is mainly the same like for systemically applied estrogens which is due to the "class-labeling", in general often performed by health authorities. The question is, if those side effects and risks may be dependent or different by the type of estrogens used vaginally and if the risk of systemic action could be reduced with low-dose or with new "ultra-low dose" estrogen products.
Another option to avoid unwanted systemic effects would be products which despite systemic application (like orally) only are acting in the urogenital tissue and inducing the well-know beneficial estrogen effects for women with VVA. By definition "tissue-selective" products are "Selective Estrogen Receptor Modulators" (SERMs), which can act on the estrogen receptors dependent from the tissue as agonist or antagonist. From the commercially available SERMs, ospemifene has been approved for symptoms of VVA due to menopause [14] [15] [16] [17] . Although the approvement has the limitation that ospemifene only should be used for women with VVA, who are not candidates for local estrogens, i.e. who are unable to tolerate or unwilling to take vaginal estrogens, this treatment concept may be of great clinical importance, since in contrast to estrogens ospemifene can be used also in patients with breast cancer after treatment including adjuvant endocrine treatment [16, 17] , in contrast to the labeling of all estrogen products including vaginal applied estrogens.
Ospemifene has been developed especially to avoid adverse effects and risks known from systemic estrogen treatment but with at least the same beneficial efficacy for treatment of VVA. As the corresponding author has been coauthor of two already published papers on the use of ospemifene [17, 18] , one aim for the present review was to present a short summary from this research with the special focus on safety and tolerability aspects. The second aim was to compare with the vaginal estrogen treatment as the present standard of VVA therapy including the very special concept using vaginal tablets containing "ultra-low dose" estriol combined with lactobacilli. We just recently have published extensively on the available scientific knowledge of this combination [19] , and also for this treatment option the focus in the present review is on tolerability and safety. With these two aims for the present review the question should be answered, if these two treatment strategies for VVA are options to reduce or avoid systemic adverse effects and risks.
Current Management of VVA
Definition, diagnosis and symptom spectrum of VVA The decrease of estrogen production during the menopausal transit induces changes in the vulvar, vaginal and urogenital mucosae which are responsible for clinical symptoms such as dyspareunia, vaginal dryness, itching and burning with potential negative impact on women's sexual function [6, 20, 21] . To describe this medical condition various terms have been used: Vulvovaginal atrophy (VVA), urogenital atrophy, (symptomatic) vaginal atrophy, atrophic vaginitis, colpitis senilis, etc. Recently a new terminology has been suggested by American scientific societies describing the complex of typical urogenital signs and symptoms present in the menopausal women as genitourinary syndrome of menopause (GSM) [9, 21] . In the following we describe this complex syndrome as "vulvar and vaginal atrophy" (VVA), since pathophysiology and the clinical symptoms may not exclusively be dependent on menopause, but can be seen also for example after chemotherapy or in women with primary ovary insufficiency etc. [8, 9] .
For the diagnosis and degree of severity of VVA besides the clinical symptoms objective measurements are used in the routine management as well as for endpoints in clinical studies. Primarily this includes the assessment of the maturation index evaluating the percentage of barabasal and superficial cells and the vaginal pH. Due to the complexity of the clinical syndrome in some studies one symptom or a symptom complex are defined as "most bothersome symptom(s)" (MBS), e.g. vaginal dryness, whereby often scales are used to measure the severity of disease.
The importance of VVA with its most common spectrum of symptoms can for example be derived from the REVIVE (REal Women's VIews of Treatment Options for Menopausal Vaginal ChangEs) Survey aiming to characterize postmenopausal women's experience with VVA, interactions with health-care professionals (HCPs), and available treatment options [22] . This US online survey (the largest US cohort of recent surveys) has been described to be projectable to the overall US population. 3,046 postmenopausal women with VVA symptoms responded to the structured questions. The most common VVA symptoms were dryness (55%), dyspareunia (44%), and irritation (37%). VVA symptoms affected enjoyment of sex in 59% of participants. Surprisingly, only few women attributed symptoms to menopause (24%) or hormonal changes (12%). Only 56% had ever discussed VVA symptoms with an HCP, and from these women 62% used over-the-counter (OTC) products. Significant barriers to treatment include lack of knowledge about VVA, reluctance to discuss symptoms with HCPs, safety concerns, inconvenience, and inadequate symptom relief from available treatments.
Conventional treatment options for VVA
Regarding non-hormonal treatments of VVA-related symptoms, OTC-available vaginal moisturizers and lubricants are commonly in use. Moisturizers are defined as preparations which can replace the normal vaginal secretions, whereas lubricants are specifically designed to reduce friction during sexual intercourse [23] . Vaginal moisturizers applied on regular basis in higher dosages may have an efficacy comparable to vaginal estrogen application for relieving symptoms of VVA such as itching,irritation and dyspareunia, and should be offered to women wishing to avoid the use of estrogen or if hormonal treatment is contraindicated [24, 25] . Vaginal moisturizers and lubricants as well as regular sexual activity may be helpful for women in improving their quality of life. Nonetheless, it has to be emphasized that in the studies the products had been tested mostly only for a duration of three months, and data concerning long-term safety and efficacy are missing. In addition, it is very difficult to rule out the placebo effect. In general, non-hormonal substances including phytoestrogens and special "traditional Chinese medicine" could provide temporary relief of symptoms but have only limited efficacy in the treatment of VVA [9, [26] [27] [28] .
According the role of estrogen deficiency causing VVA as first-line treatment estrogens are recommended [2] [3] [4] [5] [6] [7] [8] [9] . Estrogen applications acting systemically (in the following "systemic estrogens") like oral, transdermal, subdermal and intramuscular applications can be effective for the treatment of moderate, even severe symptoms of VVA. The mechanisms of estrogens in treating and reversing the physiological changes associated with VVA may include promoting vaginal cell growth and cellular maturation, enhancing vaginal blood flow, fostering lactobacilli recolonization, decreasing vaginal pH, and increasing vaginal epithelial thickness and elasticity [20, 28, 29] .
Estrogens administered vaginally are absorbed in a dose-dependent manner and bypass hepatic metabolism [30, 31] . Vaginal estrogens are more effective in relieving urogenital symptoms than oral preparations because high local estrogen concentrations and absence of hepatic metabolism [32, 33] . The use of local vaginal estrogens is the option of choice -it provides an effective and safe treatment that dramatically improves vaginal symptoms and restores woman's sexual and general quality of life [20] . In severe cases, a combination of systemic and local hormone therapy may be required initially, as systemic estrogen therapy alone relieves vaginal atrophy symptoms in only about 75% of women [34] .
However, although vaginal estrogen therapy is intended to have only local effects on the urogenital organs, the fear is that estrogens are absorbed into the bloodstream to an extent that systemic effects can occur [12, 13] . There may be especially an increased risk of endometrial hyperplasia, perhaps partly due to estrogen penetrating form the vagina into the uterine cavity, besides estrogen absorption into the blood circulation [3, 12, 28] . This so called "uterine first-pass effect" is thought also to be responsible for a higher bioavailability of vaginal applied estrogens compared to the oral application as this also has been discussed for the higher bioavailability and stronger endometrial action of progesterone applied vaginally compared to oral medication [35] .
Different types and preparations of vaginal applied estrogens have been used for many years including estradiol-containing tablets and rings, estriol pessaries, creams and ovules, promestriene and conjugated estrogens, with different availibility in the various countries. A Cochrane review [28] identified 19 trials with 4,162 women from a total of 37 trials comparing the efficacy of estrogenic preparations for the treatment of VVA. The treatment with vaginal estrogens in general was significantly superior compared to placebo and non-hormonal alternatives. Regarding safety, with vaginal conjugated equine estrogens (to our knowledge not available in Europe) or using the estradiol ring, systemic adverse effects like breast pain, uterine irregular bleedings and the risk of endometrial hyperplasia could not be excluded.
Vaginal Estradiol for treatment of VVA
Increased risks due to systemic action have also been discussed for the use of vaginal estradiol tablets frequently used especially in Scandinavian countries but also in USA and Canada. 25 µg tablets were first introduced in 1988, and in 2009 the FDA approved a 10µg formulation, both vaginal tablets should be inserted twice a week.
Both formulations have been compared within a randomized, double-blind, multicenter US study during treatment of 230 postmenopausal for three months, and VVS was relieved significantly with both dosages [36] .Within a follow up multicenter study performed in USA and Canada in 309 postmenopausal women comparing 10 µg E2 vs placebo [37] the estrogen tablets significantly improved during treatment of one year vaginal cytology and pH and a score defined for the most bothersome urogenital symptoms. In this study one endometrial adenocarcinoma stage II, grade 2 was found in the estradiol group. However, a causal relationship remained unclear because for treatment of hot flushes previously systemic unopposed estrogen has been used which certainly can induce endometrial cancer, and it was unclear if there already has been a preexisting cancer which was not detected during the baseline biopsy. Within an European study including 336 postmenopausal women [38] using 10 µg E2 for one year and assessing endometrial histology pre-and posttreatment no endometrial hyperplasia or cancer were detected which should be reassuring regarding endometrial safety. However, regarding treatment in patients with breast cancer vaginal estradiol formulations should not been used during endocrine adjuvant treatment with aromatase inhibitors because during the first weeks of treatment relevant systemic absorption could occur [39] : Using the dose of 25 µg vaginal E2 in a study with seven postmenopausal women resulted in an increase of E2-levels from base-line levels ≤ 5 pmol/l up to a mean of 72 pmol/l [40] . Within another study in breast cancer survivers using only 12.5 µg vaginal estradiol lower levels have been observed [41] , but also these authors warned for therapy using vaginal estradiol in patients after breast cancer.
Those warnings because of possible systemic adverse effects and risks have been recently supported by the results of quite another study investigating not possible systemic risks but possible benefits using vaginal estradiol [42] . Analyzing in total 195,756 postmenopausal women within a nationwide cohort in Finland exposed during 1994-2009 exclusively to vaginal applied estradiol, the aim was to investigate if this topical treatment could reduce the mortality risk for cardiovascular diseases as this has been shown within studies using oral or transdermal estrogens. In this Finnish register study 98,3% of the study population used 25 µg E2 (vaginal tablets twice a week) and 1,7% used a vaginal ring releasing E2 7.5 µg/day, which still was a quite large patient sample (n = 3,286). The follow-up data gathered 1.4 million women-years, and the mortality risk due to coronary heart disease (CHD) (n = 9,656) or stroke (n = 4,294) was assessed. Surprisingly a reduction for both CHD and stroke mortality was detected in all age groups with the highest risk reduction in women aged 50-59 years (Standardized Mortality Ratio SMR 0.43; 0.19-0.88 and SMR 0.21; 0.06-0.58, respectively). Despite the limitations and reasons for caution which the authors in detail have listed in their publication this study suggest that vaginal estradiol may lead to clinical relevant systemic effects, in terms of beneficial but also adverse action.
It should be mentioned that with the vaginal ring used in the Finnish study releasing 7.5 µg estradiol/day beneficial systemic effects already have been reported in earlier studies -during 6-monthly treatment an increase of forearm bone density and improvement of the serum lipid profile has been observed [43, 44] . From those results we like to conclude that vaginal estradiol, independent of the topical applied product form as tablets or ring, may in general not be an option to avoid adverse systemic effects, and it should be not used in patients known to be at increased risk like venous thromboembolism and hormone-dependent cancer. Especially due to the absorption into blood circulation, vaginal estradiol is not recommended for women with a history or during treatment of breast cancer, particularly if they are using aromatase inhibitors [45] . In the meantime the 25 µg formulation of vaginal estradiol is no longer available in Europe [17] .
Recently within the large prospective Women's Health Initiative (WHI) Observational Study 45,663 postmenopausal women using vaginal estrogens were recruited at 40 US clinical centers, aged 50 to 79 years at baseline, with median follow-up of 7.2 years [46] . Among women with an intact uterus, the risks of stroke, invasive breast cancer, colorectal cancer, endometrial cancer, and pulmonary embolism/ deep vein thrombosis were not significantly different between vaginal estrogen users and nonusers, whereas the risks of CHD, fracture, all-cause mortality and a special defined "global index event" (GIE) were lower in users than in nonusers (GIE adjusted hazard ratio 0.68, 95% confidence interval 0.55-0.86). These results should provide reassurance about the safety of treatment using vaginal estrogens, but comparable to the above described Finnish study [42] also must clearly lead to the conclusion, that vaginal estrogens also can act systemically. Unfortunately, the specific type and formulation of vaginal estrogen (cream, ring, or tablet) or dose was not collected, and because various limitations described in the publication [46] (e.g. only data collection using selfassessments) caution is suggested regarding definitive conclusions about safety of vaginal estrogen treatment.
Vaginal Estriol for treatment of VVA
Estriol (E3) preparations (pessaries, creams and ovules) have been used already since many years. Most applications provide a dosage of 0.5 or 1 mg, whereby treatment is mostly started with daily application followed later twice weekly. E3 has been defined as a short-acting estrogen, since it has the shortest receptor occupancy and lowest receptor affinity of all natural estrogens. The mechanism of action in vagina and uterus are similar like with E3 and E2 but with the difference of a 10-fold lower affinity on the estrogen receptor for E3 versus E2 [32, 47, 48] . Whereas E2 and estrone (E1) can be reversibly metabolized into each other, E3 is a final metabolite of the estrogen synthesis [47, 49, 50] . These pharmacological properties contribute that possible systemic side effects are lower compared with other estrogens, in addition to only a very low risk of relevant systemically absorption which has led to the suggestion that estriol, but not other local applied estrogens could be used after breast cancer diagnosis [51] .
In addition it was suggested that once-daily treatment with intravaginal E3 (0.5 mg) in postmenopausal women should be also without increased risk of endometrial hyperplasia [52] . Thus addition of a progestogen like this is mandatory using oral or transdermal estrogen in women with uterus, is not recommended, and monitoring of endometrial thickness using vaginal estrogens in the routine Clin Res Trials, 2018 doi: 10.15761/CRT.1000239 management of VVA is not needed [2, [7] [8] [9] 53] . However, because the effect on both breast and endometrial tissue are known to be dependent on hormone type, dose and frequency of administration, this is recommended during continuous vaginal use of high doses of 'potent' estrogens like estradiol.
Compared with other types of estrogens, with the use of estriol there have been already for long time the lowest safety concerns [32] . However, it seems that the conventional therapy used for decades can be further optimized by achieving comparable efficacy with further lowering any possible risk of systemic adverse effects using the "E3-ultra-low dose" therapy for treatment of VVA, with the consens that this therapy may be even possible for high-risk patients like after diagnosis of breast cancer [26, [54] [55] [56] [57] [58] [59] [60] . This concept has got to be included in current recommendations especially for risk patients latest with the results of a carefully performed multicenter, randomized, placebo-controlled, double-blind study evaluating lower dosages [58] : 436 postmenopausal women with vaginal atrophy were treated with pessaries containing either 0.2 mg estriol (n = 142) or 0.03 mg estriol (n = 147) or a matching placebo (n = 147) for 12 weeks. Both doses were significantly more effective than placebo using for the diagnosis of VVA objective and subjective parameters. Using a visual analog scale (VAS) the "most bothersome symptoms (MBS)" (vaginal dryness, pain, redness, itching, dyspareunia) were reduced to about 60%. Despite it was demonstrated, that with this "ultra-low dose" treatment using E3-0.03 mg pessaries still E3-levels can be assessed, no systemic side effects should be expected, since already 12h after administration the levels dropped from 42 pg/ml to lower than 5 pg/ml, which has been the lowest limit of assay sensitivity. Repeated administration during 21 days did not result of an accumulation of estriol reaching a maximum level of only 11.9 pg/ml [55] .
SERMs for treatment of VVA
A class of compounds with the potential to treat VVA are the selective estrogen receptor modulators (SERMs). These compounds mediate their effects primarily through the estrogen receptor-α (ERα) and can have selective estrogen agonist or antagonist effects depending on the target tissue and endpoint. Tamoxifen and raloxifene are FDA-and EMA-approved SERMs; however, neither is appropriate for systemic treatment of vaginal atrophy. Raloxifene does not have any significant positive effect on the vagina, neither assessing clinical endpoints nor with respect on objective parameters like vaginal pH or maturation index [61] [62] [63] . Tamoxifen has both estrogen agonist and antagonist effects on the vaginal epithelium [64] . Although longterm tamoxifen treatment may have estrogenic effects on the vaginal epithelium, adverse vaginal effects during treatment with tamoxifen, including dyspareunia and vaginal dryness, have been reported. Especially due to other possible long-term adverse effects (e.g. risk of endometrial cancer) the benefit-risk ratio would raise concern if tamoxifen would be used only for treatment of VVA.
Ospemifene has been primarily developed as a SERM which despite oral application should selectively act as estrogen agonist in the vaginal tissue [17, [65] [66] [67] . Using this SERM for treatment of VVA as an alternative to estrogen treatment was thought to avoid typical risks known from estrogens like venous thromboembolism and stroke or hormone dependent cancer like endometrial and breast cancer.
Ospemifene, oral SERM for treatment of VVA

Ospemifene -Safety suggestions from a Phase III Study
The question if the use of ospemifene may avoid adverse systemic effects will be discussed in context with a study, which in details already has been published as an original paper together with the corresponding author of the present review [18] . The primary aim of this study was not to assess the safety, but the efficacy of ospemifene in the treatment of VVA in postmenopausal women [18] . The following discussion will focus on the safety and tolerability evaluations which could be suggested from this study, although this was not a primary endpoint.
The design of the trial was a 12 week, multicenter, randomized, double-blind, parallel-group phase III study, performed in the USA. The detailed study design including screening, recruitement, randomization, describing ITT-and PP-population and methods for evaluation of primary and secondary endpoints, has been described elsewhere [18, 67] . Primary efficacy endpoints of the study were the change from baseline to week 12 in (1) percentage of parabasal cells in the maturation index, (2) percentage of superficial cells, (3) vaginal pH, and (4) severity of vaginal dryness. 314 women were randomised to once-daily ospemifene 60 mg/day (n=160) or placebo (n=154). Improvements in each of the four primary endpoints with ospemifene were statistically significant compared to placebo.
The majority of treatment-emergent adverse events were considered mild to moderate in severity. Adverse events (AEs) have been rare and the majority were rated as mild or moderate. However, they have been more frequent during ospemifene compared to placebo (65 vs 50,6% of patients) although most were classified as not related or unlikely to be related to the study drug (66.5%). The most frequently reported AEs in the ospemifene group were urinary tract infection (12.5% of patients), hot flushes (7.5%) and nasopharyngitis (5.6%). Hot flushes during treatment with SERMs in general relatively often has been described suggesting that the "selective estrogen receptor modulation" may not work "selective" in all patients since in the brain the ideal SERM should act as an ER agonist reducing or avoiding hot flushes [65] . However, only three patients discontinued the study due to worsening of hot flushes during treatment with ospemifene.
In this context one of the two observed "serious AEs" was a deep vein thrombosis (DVT) and was considered as probably treatment related. From various studies using hormone therapy we know that hormones in oral application can increase the risk of DVT within short treatment. However, this study cannot give any suggestions about relative or absolute DVT risk because of the small sample size.
In contrast to DVT the development of endometrial cancer and breast cancer would need longer treatment. However, it never can be excluded that a patient with preexisting cancer cells could get "clinical cancer" during short-term treatment if the drug could induce proliferation. In this study no breast cancer was observed, and also no cases of endometrial hyperplasia, endometrial polyps, or carcinoma were found in the endometrial biopsy samples. Vaginal bleeding was reported in two patients in each treatment group (ospemifene and placebo), i.e. also derived from bleeding patterns there should be no concern.
A slight increase in the mean endometrial thickness in women receiving ospemifene could be seen. More important than mean values of endometrial thickness (often only presented in studies!) is the question about the numbers of patients who present proliferation beyond a certain threshold, e.g. ≥ = 5 mm. In this study, within three months, this was observed only for three patients (3/51; 5.9%) in the ospemifene group and one patient (1/58; 1.7%) in the placebo group. Two patients (2/51; 3.9%) in the ospemifene group had an endometrial thickness ≥ 8 mm at week 12.
Ospemifene -systemic adverse effects should not be excluded
From the above results of one special trial, described as an example within the extensive research during the development of ospemifene, we can conclude that during treatment with ospemifene systemic adverse events, including endometrium-proliferating effects, are very rare but should not be excluded. However, in general in the studies ospemifene was assessed as to be safe and well tolerated [17, 67] . Based especially on randomized controlled trials, oral ospemifene 60 mg showed an overall positive risk-benefit profile in postmenopausal women with VVA and was from the FDA in 2013 approved for the treatment of "moderate to severe dyspareunia, a symptom of vulvar and vaginal atrophy, due to menopause" (US labeling) [14, 15] or "indicated for the treatment of moderate to severe symptomatic vulvar and vaginal atrophy (VVA) in post-menopausal women who are not candidates for local vaginal oestrogen therapy" (European labeling) [16, 17] , respectively. Up today the efficacy and safety of ospemifene were established in about 30 clinical trials, with about 2,500 patients exposed to ospemifene [17] .
In terms of possible systemic adverse effects hot flushes also have occurred more frequently in other studies [67, 68] . So certainly, ospemifene may increase the incidence of hot flushes and is not effective in reducing hot flushes associated with estrogen deficiency. A 12-month study of endometrial safety with ospemifene (n=426), confirmed minimal stimulation of the endometrium, but with only one case of simple hyperplasia, representing a rate of 0.3%, which is lower than the known spontaneous rate of 1% [69] . So derived from the endometrial biopsies this study would support the tissue selectivity of ospemifene, but taken all data together, stimulation of endometrial proliferation, a key consideration for chronic use of all SERMs [70] , should not be excluded.
Ospemifene -Labeling, Warnings, comparing with estrogens
In the FDA-labeling a"black box-warning" in terms of the risk of endometrial cancer has been included [14, 15] : " ... In the endometrium, ospemifene has estrogen agonistic effects. There is an increased risk of endometrial cancer in a woman with a uterus who uses unopposed estrogens. Adding a progestin to estrogen therapy reduces the risk of endometrial hyperplasia, which may be a precursor to endometrial cancer. ". For the reader this direct combination of warnings in terms of ospemifene use and estrogen use would suggest similar risks, which, however, to our knowledge have not been demonstrated in adequate clinical studies. Also the use of progestins added to ospemifene has not been evaluated. Nevertheless, clinical surveillance of all women using ospemifene is warranted. Besides the routine diagnostic in cases of suspected endometrial hyperplasia or cancer, which includes endometrial histology, patients always should be asked about bleedings, which are extremely rare during therapy with ospemifene. If bleeding or spotting occurs, the therapy should be discontinued and the reason for bleeding should be investigated.
Regarding the risk of breast cancer -this has not been included in the primary FDA-black box warning although "known or suspected estrogen-dependent neoplasia"are listed as contraindications [15] . According to the labeling of the European product [16] 
years as part of the Women's Health Initiative (WHI)."
Perhaps the warning on cerebrovascular disease and deep vein thrombosis was included in the labeling because these risks have been seen with other SERMs, so these risks should not be excluded if ospemifene is prescribed. However, future research is needed comparing with the present recommended first-line treatment using vaginal estrogen therapy.
Comparison of ospemifene versus conventional vaginal estrogens
Until today to our knowledge direct comparisons between oral ospemifene and vaginal estrogens have not been performed. In the absence of direct (head-to-head) comparisons in randomized clinical trials and also because it was requested of EU regulatory authorities, an indirect historical comparison was performed of oral ospemifene 60 mg vs. local estrogens that are currently available for VVA treatment in Europe. This extensive comparison has been published with the participation of the corresponding author of the present review [17] . Thus here will be given only a short summarizing extract of this comparison, particularly in terms of safety issues.
Of the 88 clinical studies on local estrogens according to our selection criteria [17] only 10 could be used for the safety analysis including estriol 0.5 or/and 1 mg [71, 72] , vaginal ring releasing E2 7.5 µg/day [73] [74] [75] [76] , and vaginal E2 10 µg [36] [37] [38] 77] (vaginal E2 25 µg no longer available in Europe!), whereby five studies had not comparator arm [38, [71] [72] [73] 76] , one has an untreated control [74] , one higher dosage estradiol [75] and three were placebo-controlled [36, 37, 77] . Ospemifene 60 mg long-term safety data were obtained from the pivotal 52-week, double-blind, placebo-controlled trial [69] and the blinded 40-week extension from one of the pivotal 12-week, doubleblind, placebo-controlled trials [78] .
Regarding all efficacy comparisons, short and long-term with different endpoints, this has been in detail described [17] . In summary there were no clinical relevant differences with a tendency of stronger efficacy using ospemifene. Regarding safety in the included studies using vaginal estrogens, three [73, 75, 76] reported vaginal bleeding, which was not seen in the studies with ospemifene. Mean endometrial thickness was reported in three estrogen studies [73, 75, 76] , all remained unchanged over one year of treatment whereas with ospemifene a small increase over 52 weeks was seen [78] . Endometrial biopsies at 12 months were reported with vaginal E2 10 µg with one event of carcinoma and one complex hyperpasia [77] . No endometrial carcinoma with ospemifene was observed. There also were no cases of breast cancer in the ospemifene studies, but also none reported in the estrogen studies. However, it has to be considered that according the labeling history of breast cancer is a contraindication for all estrogens including local estrogens whereas ospemifene can be used after (adjuvant) treatment has been completed. No cases of venous thromboembolism in the studies with local estrogens have been reported, in contrast to ospemifene, where the incidence was calculated to be 3.65/1000 women-years. The same incidence, however, was seen in the placebo population.
As expected with the use of a SERM, there have been more hot flushes using ospemifene compared with placebo. Vaginal candidiasis, a known side effects of topical estrogens, was more often seen with both, ospemifene (7,7%) and vaginal E2 (8,3%) compared to placebo (1,6% and 2,9%, resp..). The incidence of headache compared with placebo was not increased with ospemifene, whereas it was with vaginal E2, which confirms relevant systemic absorption. As known with other SERMs, the incidence of muscle spasm was higher with ospemifene than with placebo and was not reported with vaginal estradiol. The majority of muscle spasms observed in the ospemifene phase 2/3 study program were reported as mild or moderate leg cramps. Nevertheless, if observed, this should imply careful examinations to exclude venous thromboembolism which can present with similar symptoms.
The conclusion of this historical indirect comparison was that in the treatment of VVA ospemifene in the safety and tolerability profile is comparable with local vaginal estrogens [17] . It has to be stressed, that in this systematic indirect (historical) comparison versus ospemifene, the new concept of local "ultra-low dose Estriol" in treatment of VVA was not included.
Vaginal "ultra-low dose" estriol combined with lactobacilli for treatment of VVA The treatment of VVA using vaginal estriol could be further optimized using a vaginal tablet containing the combination of 0.03 mg E3 combined with lactobacilli. This estrogen dosis is about 15 -30 fold lower compared with the "conventional" management which includes dosages of 0.5 mg or 1 mg E3, respectively! Unfortunately until now it is available only in a few countries but it has got already large awareness. We just recently have published an extensive review covering the current relevant knowledge of the pharmacology and clinic of this combination (0.03-E3/L) [19] . We are summarizing here particularly safety and tolerability aspects.
Dual beneficial vaginal effects
Studies using vaginal 0.03 mg E3-only (0.03-E3) have shown an efficacy comparable with the conventional dosages [58] . Using such a low dose with minimal E3 levels and no cumulation during repeated administration should avoid any relevant effects due to systemic actions. Addition of lactobacilli will further increase particularly the efficacy. The vaginal tablets 0.03-E3/L contain Lactobacillus acidophilus KS400 strain which is of human origin and with beneficial properties for vaginal use [79] : It produces lactic acid, hydrogen peroxide, adheres well to epithelial cells, and thus inhibits the adherence and growth of relevant vaginal pathogens [80] . Beneficial vaginal lactobacilli also have positive immune modulating properties [81] . Additional defence mechanisms of probiotics, like production of bacteriocins and biosurfactants, co-aggregation and lactobacilli biofilm formation, have been also described [82] .
Vaginal tablets E3-03/L can be used due to its dual mechanism (estrogenic effects plus beneficial properties of lactobacilli) for diseases where the establishment and maintenance of a healthy vaginal ecosystem is important: (1) restoration of the vaginal flora; (2) vaginal discharge of unknown origin, where anti-infective therapy is not necessary; and (3) VVA, also as co-medication to systemic hormone therapy. Usually, a dose of 1 vaginal tablet per day over 12 days is recommended as initial treatment; afterwards this can be followed by a maintenance phase of 1 vaginal tablet 2-3 times weekly.
Pharmacokinetics and safety
For safety issues the question about possible systemic resorption is important: In addition to the above described pharmacokinetic study using 0.03-E3 only [55] also with 0.03-E3/L was demonstrated that after repeated administration there is no cumulation [83] . A study in postmenopausal breast cancer survivors treated with aromatase inhibitors and suffering from severe VVA demonstrated that a single vaginal application of 0.03-E3/L results only in a small and transient increase of serum E3 (up to 44 pg/mL) in 50 % of the women at the beginning of the treatment [84] . After repeated daily vaginal application of the combination the absorption of E3 was not detectable anymore. The observation that serum levels of other sex hormones and their binding proteins were not influenced can lead to the conclusion that there are no systemic actions at all, since especially the hepatic production of binding proteins is very sensitive to any estrogen effect. The decrease in E3-level after repeated vaginal application presumably is caused because of increased local metabolism within epithelial maturation, improved during the initial therapy: E3 absorption via a well-proliferated vaginal epithelium is markedly lower than that via an atrophic one [54, [84] [85] [86] . Derived from those pharmacokinetic studies it was suggested, that the use of 0.03-E3/L is safe without risk of endometrial or other systemic effects and may be considered for patients with a history of breast cancer and treated with aromatase inhibitors [84, 87] .
The evaluation of the safety of 0.03-E3/L with respect to clinical endpoints has been evaluated in more than 4,000 women in various clinical studies. In total only 1.7 % adverse drug reactions were observed. 80% of the side effects were local reactions [79] . There was no evidence of typical side effects risks known from systemic estrogen treatment (thromboembolic events, endometrial stimulation, feeling of tension in the breasts, migraine, nausea, increase in blood pressure, bleeding from the uterus, etc.).
Conclusion
Which hormonal treatment of VVA to reduce systemic risks?
Using ospemifene, the labeling of the commercial product includes warnings which seem to compare with the risks observed with estrogens (endometrial cancer, venous thrombosis and stroke), perhaps because systemic effects of ospemifene cannot be excluded and because these risks have been seen with other SERMs. Although similar risks should not be excluded using ospemifene, further research is necessary to quantify possible risks. According to present data, estrogenic adverse effects and risks are certainly very rare. It may well be that in future the product profile of this special drug may be changed, because studies showing positive effects on bone markers, suggesting that ospemifene also acts as an agonist on estrogen receptors in bone. On the other side this clearly points to the fact that ospemifene is not only acting selectively in vaginal tissue but can elicit systemic actions. According to the present labeling ospemifene is an alternative to vaginal estrogen for treatment of VVA whereby it should be used only in women who are unable or unwilling to take vaginal estrogens. However, in contrast to vaginal estrogens it can be used in patients after treatment of breast cancer and there is no limitation according to the duration of treatment.
Regarding treatment of VVA using vaginal estrogens, in risk patients no estradiol should be used, although with the lower dosage now used in practice (10 µg in contrast to 25 µg) adverse systemic estrogenic effects seem to be rare. Caution is warranted also in terms of the use of estriol in risk patients in the conventional dosages (0.5 or 1 µg) although with the "twice weekly" concept estrogenic risks also are low. However, the now in some countries available new ultra-low dose formulations containing 0.03 µg estriol may be an option also in risk patients, whereby the special concept to combine this ultra-low estrogen with lactobacilli can further improve the efficacy. Considering recent scientific evidence and current treatment guidelines, 0.03mg E3 formulations or the 0.03mg E3/lactobacilli combination could be considered as one of the best options for the treatment of VVA in ageing menopausal women.
However, we like to mention, that there is perhaps no concept which may not be able for further improvement: There is that very new discussion about vaginal administration of DHEA which according to a new science of "intracrinology" is thought to replace exclusively missing cell-specific intracellular estrogens and androgens which could avoid systemic estrogenic risks. This new approach is a special strategy concept which is beyond the aim of the present review.
Declaration of interest
There was no funding for this article. Both authors have received funding for research, advisory, and educational activities from companies which manufacture and/or promote hormone therapy (including local estrogen therapy) or SERMs. Both serve on the board of various societies and journals covering the field of menopause and/ or gynecological endocrinology. The corresponding author presently is the President of the German Menopause Society and the first author President of the Chinese Society of Gynecological Endocrinology affiliated to the International Society of Gynecological Endocrinology. Both authors have founded the first official menopause clinic in China.
